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Three-Dimensional CFD Analysis 
of the Hand and Forearm in Swimming
Daniel A. Marinho, António J. Silva, Victor M. Reis, Tiago M. Barbosa, João P. Vilas-Boas, 
Francisco B. Alves, Leandro Machado, and Abel I. Rouboa
The purpose of this study was to analyze the hydrodynamic characteristics of a realistic model of an elite 
swimmer hand/forearm using three-dimensional computational fluid dynamics techniques. A three-dimensional 
domain was designed to simulate the fluid flow around a swimmer hand and forearm model in different ori-
entations (0°, 45°, and 90° for the three axes Ox, Oy and Oz). The hand/forearm model was obtained through 
computerized tomography scans. Steady-state analyses were performed using the commercial code Fluent. 
The drag coefficient presented higher values than the lift coefficient for all model orientations. The drag coef-
ficient of the hand/forearm model increased with the angle of attack, with the maximum value of the force 
coefficient corresponding to an angle of attack of 90°. The drag coefficient obtained the highest value at an 
orientation of the hand plane in which the model was directly perpendicular to the direction of the flow. An 
important contribution of the lift coefficient was observed at an angle of attack of 45°, which could have an 
important role in the overall propulsive force production of the hand and forearm in swimming phases, when 
the angle of attack is near 45°.
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The performance of swimmers is limited by their 
ability to produce effective propulsive force (the compo-
nent of the total propulsive force acting in the direction 
of moving) and to minimize the drag forces resisting 
forward motion (Gardano & Dabnichki, 2006; Marinho 
et al., 2009a). The measurement of the propulsive forces 
generated by a swimmer has been of interest to sports 
biomechanics for many years. Despite the fact that the 
task of directly measuring the propulsive forces acting 
on a freely swimming subject is practically impossible, 
Hollander et al. (1986) developed a system for measuring 
active drag (MAD system) by determining the propulsive 
force applied to underwater push-off pads by a swimmer 
performing the front crawl arm action only. However, 
the intrusive nature of the device disables its use during 
competition and reduces its ecological validity (Payton & 
Bartlett, 1995). A nonintrusive method of estimating pro-
pulsive hand forces during free swimming was developed 
by Schleihauf (1979) and was the basis of several studies 
(Berger et al., 1995; Sanders, 1999). In this method the 
instantaneous propulsive forces are estimated according 
to vectorial analysis of force combinations acting on 
model hands in an open-water channel and the record-
ings of underwater pulling action of a swimmer. Using a 
plastic resin model of an adult human hand, Schleihauf 
(1979) measured forces for known orientations to a con-
stant water flow, determining drag and lift coefficients for 
specific orientations. These data were then used together 
with digitized kinematic data of the hand to estimate the 
lift, drag, and resultant force vectors produced during 
the stroke cycle of the swimmers. Regarding the water 
channel analysis, Schleihauf (1979) reported that lift 
coefficient values increased up to an attack angle around 
40° and then decreased, although some differences with 
respect to the sweepback angle were observed. Drag 
coefficient values increased with increasing the attack 
angle and were less sensitive to sweepback angle changes.
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